 Contact stresses, root fillet stresses, and contact ratios of a pair of cosine gears and a pair of involute gears are analyzed and compared in this paper. The mathematical models of pinions and gears are created based on the coordinate transformation theory and the theory of gearing. Static structural finite element analysis is performed by using ANSYS. The assumption of contact of one tooth is not adopted in order to comply with the real situation of meshing. Numerical results have shown that maximum contact stress and maximum root fillet stress of cosine pinion are smaller than those of involute pinion, maximum contact stress of cosine gear is approximately equal to that of involute gear, and maximum fillet stress of cosine gear is smaller than that of involute gear. The pair of cosine gears has a higher strength but a lower contact ratio in comparison with the pair of involute gears. Maximum contact and root fillet stresses can be reduced largely when the number of teeth in contact is increased from 1 to 2.
INTRODUCTION
Teeth of cylindrical gears can be divided into two categories: involute and non-involute teeth. Involute gears can be efficiently manufactured by hobbing method. A pair of meshing involute gears can be manufactured by the same hob. Moreover, involute gears are not sensitive to center distance error. Therefore, involute gears have lower manufacturing and assembly costs. However, involute gears are easy to wear as they have a higher specific sliding. Involute gears also have a higher minimum number of teeth of non-undercutting. To avoid undercutting, the number of teeth must be larger than the minimum number of teeth of non-undercutting. There are many non-involute gears [1] , such as cycloidal, Wildhaber-Novikov [2] [3] , Wildhaber-Novikov-Nagata [4] , convoloid [5] , double circular-arc [6] , and cosine gears [7] [8] . The object of study of this paper is the cosine gears proposed in [8] . Like involute gears, a pair of cosine gears proposed in [8] can be manufactured by hobbing method with the same hob. Therefore, a high manufacturing efficiency and a low manufacturing cost are anticipated. Furthermore, the minimum number of teeth of non-undercutting of cosine gears is much smaller than that of involute gears. Comparison of stresses and contact ratio between a pair of cosine gears and a pair of involute gears is still lacking in literature. The aim of this paper is to compare maximum contact and root fillet stresses, determined by finite element method, and contact ratio, determined by theoretical formula, between a pair of cosine gears and a pair of involute gears. Finite element method has been a mature technology for the analysis of stresses of gears [9] [10] [11] . Finite element analysis software ANSYS is employed to analyze the stresses of pinions and gears. To comply with the real situation of meshing, the assumption that the number of teeth in contact is 1 is not adopted. The element type chosen to form finite element models of pinions and gears is SOLID185, which is used for the three-dimensional modeling of solid structures. The element is defined by eight nodes having three degrees of freedom at each node: translations in the nodal x, y, and z directions [12] . The 3D solid models of pinions and gears are created by using Autodesk Mechanical Desktop. The 3D solid models are exported in ACIS format and imported into ANSYS. Numerical results obtained in this paper have shown that the pair of cosine gears has a higher strength but a lower contact ratio.
CREATING MATHEMATICAL MODEL OF A PAIR OF COSINE GEARS
A pair of cosine gears is composed of a cosine pinion and a cosine gear. Both the cosine pinion and the cosine gear are generated by the same cosine rack. As shown in 
The necessary condition for the existence of envelope to the family of surfaces
is the equation of meshing shown as follows:
With Eq. (3), p  can be represented as the function of u as follows:
yields the position vector of tooth face p  of cosine pinion as follows:
The tooth face c  of cosine rack also forms a family of surfaces
is determined by
With Eq. (7), g  can be represented as the function of u as follows:
yields the position vector of tooth face g  of cosine gear as follows:
CREATING MATHEMATICAL MODEL OF A PAIR OF INVOLUTE GEARS
As shown in Fig. 2 , a pair of involute gears is composed of an involute pinion and an involute gear. Both the involute pinion and the involute gear are generated by the same trapezoidal rack with planar tooth faces. The coordinate system 357 ( ; , 
is the equation of meshing shown as follows: 
The planar tooth face is the equation of meshing shown as follows: 
ANALYZING STRESSES AND CONTACT RATIO
Finite element analysis software ANSYS is employed herein to perform stress analysis. The numbers of teeth of pinion and gear are 18 and 23, respectively. Module is 10 mm. Addendum and deddendum coefficients are 1 and 1.25, respectively. Pressure angle of involute gear is 20 degrees. Face width is 50 mm. Material is Structural steel. Young's modulus of material is 207000 MPa. Poisson's ratio of material is 0.3. Element type chosen to form finite element models of pinions and gears is SOLID185. To apply boundary conditions and moment, two pilot nodes are created. The first pilot node, located at the rotation center of gear, has a rigid constraint with the surface of hole of gear. The second pilot node, located at the rotation center of pinion, also has a rigid constraint with the surface of hole of pinion. At the pilot node of gear, all degrees of freedom are set to be zero. At the pilot node of pinion, UX, UY, UZ, ROTX, and ROTY are set to be zero and moment MZ is set to be 3000000 N-mm. Figure 3 shows the distribution of equivalent stress of the pair of cosine gears when the pinion is located at 0 degree. The number of teeth in contact is 1. Figure 4 shows the distribution of equivalent stress of the pair of cosine gears when the pinion is located at 3 degrees. The number of teeth in contact is 2. Figure 5 shows the distribution of equivalent stress of the pair of involute gears when the pinion is located at 0 degree. The number of teeth in contact is 2. Figure 6 shows the distribution of equivalent stress of the pair of involute gears when the pinion is located at -3 degrees. The number of teeth in contact is 1. Results of stress analysis of the pair of cosine gears are shown in Table 1 . Results of stress analysis of the pair of involute gears are shown in Table 2 . Contact ratio of the pair of cosine gears can be determined by applying the mathematical model created in [8] . Contact ratio of the pair of cosine gears is 1.24635. Contact ratio of the pair of involute gears is 1.56068. A comparative study between a pair of cosine gears and a pair of involute gears has been carried out. The compared items are maximum contact stress, maximum root fillet stress, and contact ratio. The software employed to analyze static structural stresses is ANSYS. This paper concludes that the pair of cosine gears has a higher strength but a lower contact ratio. When the number of teeth in contact is increased from 1 to 2, the maximum contact and root fillet stresses can be reduced substantially.
